An evaluation of the capacity of a lyophilized water extract of borage leaves to delay the lipid oxidation process in dry fermented sausages enriched with ω-3 PUFAs has been performed. 340 ppm of lyophilized extract showed an antioxidant capacity equivalent to 200 ppm of a butylhydroxyanisol (BHA) and butylhydroxytoluene (BHT) mixture. Two batches of dry fermented sausages enriched in ω-3 PUFA were developed. One of them was supplemented with a synthetic antioxidants mixture (200 ppm of BHA+BHT) and the other one with natural antioxidants (340 ppm of lyophilized water extract of borage leaves). Furthermore, a traditional formulation of this type of dry fermented sausage (Control), was also manufactured. The natural extract gave rise to lower amount of volatile compounds (including hexanal), than the mixture of synthetic antioxidants (2202 and 2713 ng dodecane / g dry matter, respectively).
INTRODUCTION
A number of authors have reported that ω-3 PUFA have a protective effect against coronary heart disease ( Colussi et al., 2007) , cardiovascular diseases (Ruxton, Reed, Simpson & Millington, 2004) breast and colon cancer (Rose & Connolly, 1999) , rheumatoid arthritis (Cleland, James & Proudman, 2003) , fibrosis cystic (Beckles Wilson, Elliott & Everal, 2003) . Furthermore, a high ω-6 / ω-3 PUFA ratio is a well known great risk factor of atherosclerosis and coronary heart disease (Okuyama, Fujii & Ikemoto, 2000) .
The modification of meat products by enrichment in ω-3 PUFA could improve the nutritional quality of these products contributing to increase the intake of those fatty acids, considered low in Western diets. However, a relatively high unsaturated fat content in dry fermented sausages can increase lipid oxidation susceptibility, which is one of the major causes of quality deterioration of processed meat, imposing adverse effects on flavor, color as well as on nutritional value (Byrne, Bredie, Bak, Bertelsen, Martens, & Martens, 2001) . In order to prevent it, antioxidants should be incorporated into the formulation, as their inclusion in foods is one of the most efficient ways for capacity of the obtained lyophilized extract was firstly determined, and then, a study comparing its efficacy to that of artificial antioxidants in the meat product was carried out.
MATERIALS AND METHODS

Vegetal material preparation
10 kg of borage (Borago officinalis L.) were purchased fresh from a local supermarket. The plant leaves were separated, cleaned, washed and homogenized.
Aqueous extracts were prepared as follows: 100 ml of distilled water, preheated at 96º C, were added to 100 g of leaves. The mixture was subjected to sonication during 30 minutes at room temperature, and filtered through a metallic mesh. Extraction process was repeated with another 100 ml of preheated distilled water, and both extracts were joined and completed with distilled water to a final volume of 250 ml. Extracts were filtered through Albet 400 filters to remove any kind of solid particle.
Extracts were lyophilized with a freeze-dryer-cryodo (Telstar, Barcelona, Spain), previous freezing at -80º C in a MDF-V5386S Ultra-Low-Temperature Freezer (Sanyo Electric Co., Ltd., Japan). 1.5 g of lyophilized were obtained from 100 g of fresh borage leaves. The lyophilized material was subsequently used for the evaluation of the antioxidant capacity and for application as ingredient in the dry fermented sausage formulation. Water extraction was performed in triplicate.
Determination of antioxidant capacity
Determination of Total phenolic content (TPC)
TPC was determined spectrophotometrically following the Folin-Ciocalteu colorimetric method (Singleton & Rossi, 1965) . Dilutions of lyophilized water extract of borage leaves ranging from 4.25 to 0.02 mg / ml were used. 0.1 ml of suitably diluted sample, 7.9 ml of distilled water, 0.5 ml of Folin-Ciocalteu´s reagent, and 1.5 ml of 20% sodium carbonate anhydrous solution (added 2 minutes after the Folin-Ciocalteu´s reagent) were mixed and the tubes were left at room temperature for 2 hours in the dark.
Absorbance was measured at 765 nm using a Lambda 5-UV-VIS spectrophotometer (Perkin Elmer, Paris, France). The total phenolic content was expressed as mg gallic acid / g lyophilized extract.
DPPH method
The DPPH assay was performed according to the method of Blois (1958) with some modifications. Briefly, a DPPH solution of approximately 20 mg / ml was prepared in methanol and diluted to obtain an absorbance of 0.8 at 516 nm (working solution). 2 ml of diluted lyophilized extract of borage leaves of different concentrations (4.25 -0.02 mg / ml) were allowed to react with 2 ml of DPPH working solution during 30 minutes in the dark, at room temperature. A control sample was prepared with 2 ml of methanol. The final absorbance of the reaction mixture was measured at 516 nm (Lambda 5 UV-VIS Spectrophotometer, Perkin Elmer, Paris, France). The radical scavenging capacity of each dilution was calculated as percent of inhibition (% I), calculated according to the formula: % I = (Abs control -Abs sample ) / Abs control *100
Where Abs control was the absorbance of the control after 30 minutes of reaction and Abs sample was the absorbance of the sample after 30 minutes of reaction. The percent of inhibition was plotted versus the concentration of the extracts. A calibration curve with Trolox (0.1 -2000 μg / ml) was used for calculating the antioxidant capacity.
Results were finally expressed as mg Trolox / g lyophilized extract of borage leaves.
ABTS method
For ABTS assay, the procedure described by Re, Pellegrini, Proteggente, Pannala, Yang and Rice-Evans (1999) Where Abs control was the absorbance of the control after 6 minutes of reaction and Abs sample was the absorbance of the sample after 6 minutes of reaction. The percent of inhibition was plotted versus the concentration of the extracts. A calibration curve with Trolox (0.1 -60 μg / ml) was used for calculating the antioxidant capacity. Results were finally expressed as mg Trolox / g lyophilized extract of borage leaves.
Sausage formulation and processing
Three batches of dry fermented sausages (chorizo de Pamplona), about 8 Kg each, were prepared according to the procedure described by Muguerza, Gimeno, Ansorena, Bloukas, and Astiasarán (2001) . The control batch was elaborated using 75% lean pork meat and 25% pork back fat. In the modified batches, a substitution of 25% of pork back fat by an emulsion containing linseed oil was carried out. The emulsion was prepared mixing, for two minutes, eight parts of hot water with one part of isolated soy protein and then with ten parts of linseed oil for other three minutes (Hoogenkamp, 1989a,b) . The following ingredients per kilogram of meat mixture were added to both formulations: NaCl 26 g, red pepper 30 g, dextrin 15 g, lactose 10 g, powdered milk 12 g, dextrose 5 g, sodium ascorbate 0.5 g, sodium caseinate 10 g, garlic 3g, polyphosphates 2 g, curing agents (a mixture of NaCl, preservatives E-250, E-252 and antioxidant E-331) 3 g, ponceau 4R (E-124) 0.15 g. One of the modified batches 100 mg / Kg of butylhydroxytoluene (BHT) and 100 mg / Kg of butylhydroxyanisole (BHA) were added as synthetic antioxidants, and in the other modified batch 340 ppm of lyophilized water extract of borage leaves were used as a source of natural antioxidants.
Sausages were fermented and ripened for 30 days under conditions described by Muguerza et al. (2001) in a drying chamber (STA model W 80XDHG-VEH Noain, Spain). The analysis was carried out at the end of the ripening process.
Chemical analysis.
The method of Folch, Lees and Stanley (1957) was used for the extraction of lipids. Boron trifluoride / methanol was used for the preparation of fatty acid methyl esters (AOAC, 2002a) . Fatty acids were determined in the lipid extract by gas chromatography according to the procedure described by Valencia et al. (2008) .
Peroxides were determined according to the AOAC method (AOAC, 2002b).
TBA value was determined according to Tarladgis, Watts, Younathan, and Dugan (1960) with modifications by Tarladgis, Pearson and Dugan (1964) . Results are shown in mg malonaldehyde / kg sample (ppm).
Cholesterol content was analyzed by gas chromatography with previous extraction according to Kovacs, Anderson and Ackman (1979) . A Perkin-Elmer Autosystem XL gas chromatograph equipped with an HP1 column (30 m x 0.25 mm x 0.1 μm) was used. Chromatographic conditions were those described by Conchillo, Ansorena, and Astiasarán (2005) .
COP: Extraction of lipids and saponification.
Saponification was made according to the method of Guardiola, Codony, Rafecas and Boatella (1995) . Approximately 1 g of fat was added to a flask containing 10ml of 1M KOH in methanol and 1ml of 19-Hydroxycholesterol as internal standard and kept at room temperature during 22 h to complete the cold saponification. The unsaponificable material was extracted with diethyl ether, washed with water, filtered through anhydrous sodium sulfate, and evaporated till dryness. A purification with silica cartridges and a derivatization to obtain the trimethyl silyl ethers was performed. 
Volatile compounds from lipid oxidation
A Likens-Nickerson extraction using dichloromethane was carried out according to the method described by Ansorena, Zapelena, Astiasarán and Bello (1998) . 25 g of frozen sausage were ground and placed in a 250 ml flask with 100 ml of water. A second flask with 5 ml of dichloromethane and 150 μg of dodecane (internal standard)
was also attached to a modified Likens-Nickerson apparatus. 5 ml of dichloromethane were also added to fill the apparatus solvent return loop. Both solvent and sample mixture were heated to 70º C and boiling temperature, respectively, maintaining these conditions for 2 h. After cooling to ambient temperature, the extract of dichloromethane was collected and dried over anhydrous Na 2 SO 4 .
Analysis. The volatile compounds were analyzed in a HP 6890 GC system (Hewlett-Packard, Palo Alto, USA) coupled to a 5973 mass selective detector (HewlettPackard). A total of 1 μl of the extract was injected into the GC, equipped with a capillary column (30 m X 250 μm X 0.25 μm nominal HP-5MS). The chromatographic conditions were those described by Ansorena and Astiasarán (2004b) .
Sensory evaluation
Two types of sensorial analysis were carried out at the end of the ripening process. A triangular test was performed to determine the existence of perceptible sensorial differences in appearance, odor and taste between the two batches of linseed oil containing sausages. 9 trained panelists participated in the sessions. Samples were presented sliced, on a white plate, at room temperature. Each panelist was presented with three samples, of which two were identical, and asked to indicate which sample A quantitative descriptive analysis (QDA) was used for evaluating color, typical sausage odor, rancid taste, juiciness, and non-typical taste. Four samples per batch were examined by 10 selected and trained panelists A continue scale between among 1 and 5 was used for evaluation. A value of 1.0 corresponded to the lowest intensity for each parameter and a value of 5.0 to the highest. General acceptability was also evaluated.
Data Analysis.
Four samples were analyzed from each type of dry fermented sausage. Each parameter was determined four times in each sample. In tables, means and standard deviations are shown.
A one way Anova test and the Tukey b posteriori test were used to determine significant differences among the different types of sausages for each analyzed parameter. Different letters indicated significant differences among samples at a level of significance of 95 % (p < 0.05). The statistics package chosen for analysis was SPSS version 15.0 (SPSS inc. Chicago, Illinois, USA).
Statistical treatment for the triangular test sensorial analysis was performed using the Norma UNE 87-006-92 (1992) . For a 9 members panel, the difference between samples was significant if the number of correct answers was 6 (p<0.05), 7 (p<0.01) and 8 (p<0.001).
RESULTS AND DISCUSSION
Antioxidant characterization of lyophilized extracts
The antioxidant capacity of the lyophilized water extract of borage leaves was 
Dry fermented sausages
Three types of products were elaborated in a pilot plant: a control batch, with a traditional formulation, and two batches with a partial substitution of pork back fat by linseed oil, each one containing either natural or synthetic antioxidants. The fatty acid profile of the three batches at the end of the ripening process is shown in Table 1 . The differences between the control and the rest of the products were due to the partial substitution of pork back fat by linseed oil, being very similar to those described by Ansorena and Astiasarán (2004a) . The highest difference corresponded to the α- than those with the BHT and BHA mixture, concluding that some strategy to control the oxidation in these products was needed. Sánchez-Escalante, Djenane, Torrescano, Beltrán and Roncalés (2003) found that extracts from borage seeds showed an antioxidant action in beef patties, maintaining low TBARS values. In that work, no significant differences were found between samples with synthetic and natural antioxidants for TBARS.
These results were confirmed by the analysis of volatile compounds, mainly aldehydes, which basically result from the oxidative degradation of different fatty acids.
Modified products, especially those added with lyophilized borage extract showed lower values of volatile compounds (2202 and 2713 ng dodecane / g dry matter) than control products (3196 ng dodecane / g dry matter). Hexanal, which is considered a typical oxidation indicator derived from linoleic acid degradation, and in general, a good indicator of the oxidation level (Shahidi & Pegg, 1994) , was significantly lower in the lyophilized extract containing products (842 ng dodecane / g dry matter) than in the other two batches (1015 and 1332 ng dodecane / g dry matter for modified and control products respectively), in agreement with the slightly highest amount of linoleic acid showed by those products. Heptanal, octanal and nonanal also showed the lowest values in products with the lyophilized water extract. These results seem to indicate a higher control of the oxidation in the batches with natural antioxidants than in those with the BHA+BHT mixture.
The study of the oxidation process was completed with the analysis of COPs.
Many studies have shown that the presence of a higher PUFA content is related to a higher concentration of COPs (Li, Ohshima, Shozen, Ushio & Koizumi, 1994; Eder, Grunthal, Kluge, Hirche, Spilke & Brandsch, 2005) , observing in some cases a significant correlation between TBARS and the total COPs (Monahan et al., 1992;  Conchillo, Ansorena & Astiasarán, 2003) . Six from the seven analyzed COPs were found in every analyzed product. No significant differences were found for any of the COPs among the three types of products, being the total amount of COPs similar for all of them and also similar to those found in Milano type sausages (Zanardi, Dorigoni, Badiani & Chizzolini, 2002) . These results gave rise to low percentages of cholesterol oxidation (0.01-0.02 %). It can be concluded that both, synthetic and natural antioxidants, are efficient to inhibit the oxidation of cholesterol in the enriched PUFA products.
Vegetable extracts can include compounds that can give especial flavor to the final products. Two sensory tests were carried out in the study to analyze the potential acceptability of the developed products by consumers. A triangular sensorial test was carried out in this work to know whether the panel members were able to distinguish between the two linseed oil containing products. The results of the test (Table 4) indicated that no significant differences were found between both types of products for odor, taste and general appearance. In 67% of the cases the panel did not distinguish between samples for taste and odor. When appearance was evaluated, the percentage increased to 78%.
Those results were confirmed by the quantitative-descriptive analysis (Figure 1) in which every product was evaluated individually and certain concrete properties were evaluated (color, typical sausages odor, rancid taste, juiciness, and non-typical taste).
The scores obtained for the analyzed parameters by the panelists did not show statistically significant differences, being in all cases acceptable values for this type of sausages. Furthermore, the scores obtained for the general acceptability of the developed products were similar among them. These results pointed out that the differences found in relation to the intensity of lipid oxidation were not detected by means of the sensory analysis. It can be concluded that the assayed modifications did not affect the sensorial characteristics of the products.
In conclusion, the lyophilized water extracts of borage leaves can be used as an efficient natural antioxidants source to control the lipid oxidation process in functional dry fermented sausages enriched in ω-3 PUFA. Borage leaves, by-products from vegetable processing industry, constitute a cheap source of antioxidant activity.
Moreover, the water extraction did not imply over-cost neither safety problems. Tabata Total Volatile compounds 3196 ± 84c 2713 ± 114b 2202 ± 72a
Peroxides (PI) are expressed in meq O 2 / kg fat, TBARS in mg MDA / kg and the volatile compounds in ng dodecane / g dry matter.
Results are expressed as mean ± standard deviation. For each parameter, different letters denote significant differences among types of formulations (p<0.05). nd.: non detected. Table 3 .
Control Synthetic Antioxidant
Natural Antioxidant 7α-hydroxicholesterol 0,10 ± 0,00 a 0,08 ± 0,01 a 0,11 ± 0,01 a 7β-hydroxicholesterol 0,08 ± 0,01 a 0,07 ± 0,01 a 0,09 ± 0,01 a 5,6β-epoxycholesterol 0,12 ± 0,01 a 0,10 ± 0,01 a 0,11 ± 0,02 a 5,6α-epoxycholesterol 0,15 ± 0,00 a 0,15 ± 0,05 a 0,15 ± 0,01 a cholestanotriol nd. nd. nd. 25-hydroxicholesterol nd. nd. nd. 7-ketocholesterol 0,11 ± 0,01 a 0,10 ± 0,01 a 0,12 ± 0,00 a For n=9, the difference between samples was significant if the number of correct answers was 6 (p<0.05), 7 (p<0.01) and 8 (p<0.001). ns: not significant.
